I. INTRODUCTION
The erector spinae (ES) muscle is mainly responsible of lumbar extension, also contributing to the lateral tilt of the trunk and maintenance of posture [1] .
These functions should serve as motivation for further study of this important muscle in the lower back.
The lower back is the area that has been proven most prone to fatigue in efforts requiring lumbar extension (more so than the upper back, hamstrings and buttocks) [2] .
A comprehensive study of the muscular strength and endurance specific to the lumbar region could be very relevant for understand the behavior of the main extension lumbar muscle [3] .
Neuromuscular fatigue is considered a very complex phenomenon that is due to several causes: central fatigue, fatigue of the neuromuscular junction and muscle fatigue [4] . Muscle fatigue has been defined as the state that temporarily limits the ability to produce work to a certain intensity caused by the work itself [5, 6] or as any exercise that causes a reduction in the maximum capacity to generate force or power. One of the easiest ways to determine muscle fatigue is to assess the evolution of the work over a specific time through isometric contractions, ergonomically supported loads, etc. [3] . These two variables, maximum strength and muscular endurance have been used as predictors of disability in musculoskeletal pathologies [7, 8] .
In biomechanics, ultrasound has been used to assess morphological changes in muscle thickness [8] [9] [10] [11] [12] , muscle fibres [13] [14] [15] , pennation angle [16, 17] and Functional and structural of the erector spinae muscle between low back pain suffers and healthy 4 even the cross-sectional area [18, 19] . Studies have shown that the reliability of ultrasound in the paraspinal muscles varies between moderate and excellent at presenting intraclass correlation index values ranging between 0.72 and 0.98 [20] . Local monitoring of muscle is possible using surface electromyography (sEMG) [2, 21] . These analytical instruments have expanded greatly in recent years because of the advantages they possess, including being noninvasive, they can be applied in situ, they allow monitoring of changes in muscle activation (surface electromyography) when the muscle performs defined work, they are instruments with high reliability, they can focus on a particular muscle, and they are relatively inexpensive compared with other analysis tools [21] .
No studies have been found that describe the response of the ES muscles after MVC and a fatigue test during isometric lumbar extension using sEMG and ultrasound simultaneously as measuring instruments to extract architectural and functional variables.
The objective of this study was to describe and to analyze architectural variables (muscle thickness and pennation angle) and functional aspects (muscle activation and torque) of ES muscle when performing a muscular endurance test and maximal voluntary contraction during isometric lumbar extension.
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II. MATERIALS AND METHODS

A. Design
Cross-sectional study, which analyses the response of the ES muscle during maximal isometric contraction of 5 and 30 seconds duration on a pre-calibrated system.
Participants: Participants: The criteria for inclusion were that subjects were adults aged between 18 and 65 years. The criteria for exclusion were pain in the nerve root/radicular pain, BMI ≥ 35, infection, neoplasms, metastases, osteoporosis, arthritis, scoliosis or any asymmetry evident in the spinal column, pregnancy, cognitive impairment from any cause and inability to complete the proposed exercise.
All subjects signed an informed consent, stating that they had received a careful explanation of the purpose and design of the study. were placed bilaterally. Each sensor has two electrodes separated by one centimetre. The skin was sterilised with alcohol and a neutral adhesive specifically designed to adhere the sensor was used.
EMG was collected from the ES muscle group, placing the sensor 2 cm lateral from the line of the spinous processes at L3-L4 level.
EMG was sampled at 1000 Hz (Datalog Biometrics, England) and analysed using a customised Datalink 3.0 programme. Before processing the signal, a low pass filter was used (1 kHz cutoff frequency) to reduce high frequency noise.
b) Ultrasonography record.
Architectural variable (thickness and pennation angle) measurements were made from the ES muscle ultrasound pictures.
The ultrasound machine used (SonoSite M-Turbo, SonoSite Inc., Bothell, WA, USA) has a linear translator and a frequency range of 6 13 MHz for ultrasound imaging. The head used was 5 cm wide. The image had a depth of 6.5 cm. The measurements were taken bilaterally, placing the head at the level of L 3 -L 4 , at 3 cm from the line of the spinous processes. Each ultrasound image was analysed to obtain the two muscle architecture variables considered in this study: pennation angle and thickness. An example is shown in Figure 1. 
c) Torque record.
To record the torque of each participant, a computerised load cell (Real Power, Globus Italia) was positioned between two chains. One chain was placed on the arm of the machine that guided the gesture on which the subject would push during the execution of movement, while the other was fixed to the wall in front of the machine where the test was being run.
The angles between the chain and the thrust direction and between the chain and the floor were zero at the time of the isometric contraction.
C. Experimental protocol
Each participant was placed in the precalibrated machine with invincible resistance (figure 2). A chain, in the middle of which was placed a load cell (computerised Real Power, Globus, Italy), was used to measure the torque created by the participant during the test execution. The participant then performed three MVCs for 5 s, with two minutes rest between each execution. Each subject could freely practice the movement before the MVCs and equivalent verbal encouragement was given to all participants. During the execution of the three maximum isometric contractions, electromyographic, ultrasound and torque (using the load cell) recordings were taken. The maximum value recorded after three repetitions was considered the value of the MVC and served as a reference for normalisation of the values recorded later in the fatigue test.
Functional and structural of the erector spinae muscle between low back pain suffers and healthy For the fatigue test, the same protocol was repeated increasing the time up to 30 seconds the maximum isometric extension and up to 240 seconds the rest time between repetitions. During this test, the differences in the variables considered in this study (muscle activation, force moment, muscle thickness and pennation angle) were calculated from measurements taken at the beginning and end of the test. Before being analysed, the data were treated as and then normalised based on the MVC.
The subject performed the execution of maximal isometric extensions, at 45° from the vertical with the lumbar spine in a neutral position. The thighs and hips were attached to the machine by straps. A position execution scheme of the maximum isometric extension is shown in Figure 1. 
d) Data analysis.
The analysis consisted of a descriptive analysis of each variable and a calculation of the mean difference, between pre and post values recorded during endurance test, by Student's t test for independent data.
For each architecture variable, the three measures taken during MVC isometric contraction were used to calculated the internal consistency (Cronbach's alpha) of the measure, together with the 95% confidence interval.
For statistical analysis, the Statistical Package for Social Sciences program (SPSS; version 17.0 for Windows; Illinois, USA) was used.
III. RESULTS
The participants were 46 healthy subjects (21 men and 25 women). The 
N 46
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These results were normalised to the MVC, so the difference could be represented as a percentage change in the variable. It could be observed that functional and architectural variables underwent significant changes during the execution of the test. 
IV. DISCUSION
To our knowledge, this is the first study that analised the behavior of the ES muscle when performing a maximal voluntary contraction and an endurance test of lumbar extension, using sEMG, ultrasound and load cell simultaneously.
We also did not find studies measuring the angle of muscle pennation. Some studies have measured the thickness of this muscle using the same method as that employed here (placing the head longitudinally to the muscle) [23, 24] . Despite placing the head in the same way and taking measurements at the same point of the lumbar spine (L 3 ), the average values obtained in the two studies differed from those observed by us.
The ES average thickness values on the right and left, 30.6mm (±6.1) and 31.2mm (± 5.9), respectively, were different from the corresponding values observed in the study by Watanabe et al. [23] , where the value was 33.9mm (± 8.4), and Masuda et al. [24] , where the mean was 39.4 (±4.2mm). One explanation for the difference could be found at the position of the subjects when the ultrasound image was recorded. Participants in the studies of Watanabe et al [23] and Masuda et al. [24] were in full lumbar extension, whereas in our trial, they stopped 45° from the vertical. The authors of the other two studies obtained the same trend of, starting from a position of maximum flexion, muscle thickness increasing progressively as it approached its maximum extension position, where the highest muscle thickness was recorded.
No studies were found that uses ultrasound as a method to analyse the changes undergone by the ES muscle during a fatigue test. However, several
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V. CONCLUSION
During a lumbar isometric extension test, architecture and functional variables of the ES muscle could be analised using ultrasound, surface EMG and load cell. In adition, during an endurance test, ES muscle suffers an acute effect on architectural and functional variables.
